The development of obesity in porcine fetuses was investigated using a lean and obese strain of pigs at 80, 90, 100 and 110 d of gestation. In absolute terms, fetuses of obese gilts (FO) generally had lower carcass weight and contained less total protein, dry matter and ash than fetuses of lean gilts (FL). In relative terms (percentage of wet carcass weight) FO, compared with FL, generally had decreased percentages of water and increased percentages of protein and lipid. Comparisons based on absolute terms revealed body composition of the strains to be different at 90 d, indicating that factors responsible for obese-type growth were active before that time. Both body composition and hormone concentration differences were most pronounced at later gestation ages. Depressed growth hormone, elevated cortisol, and a tendency toward elevated insulin concentrations in fetal plasma were apparent in late gestation for FO compared with FL. These hormonal patterns are consistent with onset of obesity in FO in late gestation. Greater weights of semitendinosus and longissimus muscles were 
observed in FL vs FO at 90, 100 and 110 d of gestation (P<.05). These greater muscle weights were generally accompanied by greater contents of RNA, DNA and protein in FL muscles at these same ages. However, at 80 d, FL had greater absolute DNA content in semitendinosus muscle whereas muscle weight was similar between the strains. This suggests that greater muscle weights for FL than FO were caused by more nuclei in muscle of FL. In general, indices of hypertrophy (protein/DNA) and protein synthetic capacity (RNA/DNA) of muscle were usually similar for both strains at all gestation ages. It is concluded that decreased muscle growth in late gestation of FO compared with FL is more related to fewer total nuclei and perhaps fewer myofibers than to an impaired cellular capacity for protein synthesis. (Key Words: Obesity, Fetus, Swine, Muscle, Hormones.)
!ntroduction
An understanding of mechanism(s) causing wide differences in rate and composition (fat vs lean) of tissue growth in swine may aid efforts to further improve carcass quality and efficiency of growth. Several earlier reports characterized rate and composition of growth in lean, fastgrowing Yorkshire pigs and in genetically obese, slow-growing Ossabaw pigs. Compared with the lean pig, Ossabaw piglets were obese at birth (Kasser et al., 1981b) and, thereafter, grew at a reduced rate (Cote and Wangsness, 1978) . Excessive fat and a diminished rate of muscle deposition were observed at equal weight or equal age in Ossabaw compared with Yorkshire pigs (Buhlinger et al., 1978) . Several endocrine differences have been reported in experiments aimed at identifying factors that may potentiate these two diverse types of body growth; differences included enhanced insulin response (Pulice et al., 1980; McCusker, 1981) , mild 609 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 3, 1983 insulin insensitivity (Wangsness et al., 1977) , and depressed growth hormone (GH) response (Wangsness et al., 1977; Wangsness et al., 1980; McCusker, 1981) in obese compared with lean pigs.
It is not certain whether the endocrine abnormalities in Ossabaw pigs are a cause or a result of the obesity. The hyperinsulinemia associated with obesity in man and laboratory animals has been proposed as both a cause (Albrink, 1978) and an effect (Gordon, 1970) of obesity. Such ambiguity in the interpretation of data might be reduced if animals were studied before or during the early stages of onset of obesity. The study of muscle growth in normal pigs has revealed that postnatal muscle growth in swine is through the hypertrophy of myofibers and(or) through the conversion of one type of myofiber to another type of differing size (Suzuki and Cassens, 1980) . Postnatal muscle development occurs within a fixed number of myofibers because myofiber hyperplasia ceases at about 70 d of gestation in fetal pigs (Swatland, 1973) . Intrauterine muscle growth, therefore, distinctly affects ultimate muscle mass of mature swine.
We reasoned that, relative to postnatal ages, fetal aged lean and obese swine should have minimal body composition differences. Further, the dynamic nature of fetal growth in late gestation makes this period excellent for comparative study. However, no studies have been conducted to measure body composition and hormone concentrations and muscle development of lean and obese swine during the fetal period.
The objectives of the present study were: (1) to determine the body composition of fetuses of lean and obese gilts at 80, 90, 100 and 110 d of gestation, and at the same four ages; (2) to determine concentrations of insulin, GH and cortisol in plasma of fetuses; (3) to determine muscle weight and contents of DNA, RNA and protein in semitendinosus and longissimus muscles and (4) to see if indirect measurements of muscle nuclei number (DNA content), muscle cell size (protein/DNA) or protein synthetic capacity per nucleus (RNA/DNA) indicate that fundamental differences exist between these strains of swine at the same gestation ages. 6 New England Nuclear, Boston, MA.
Materials and Methods
A total of 218 fetuses from 29 hand-mated gilts (12 lean and 17 obese)were used. Feeding and management of gilts, as well as carcass characteristics, were reported previously (Hagen and Kephart, 1980) . Gilts were sacrificed at 80, 90, 100 or 110 d of gestation (within + 2 d of the designated ages). Sacrifice was by electrical stunning and exsanguination between 0900 and 1000 h. Fetuses were immediately removed by hysterectomy and exsanguinated. Each fetus was identified by its location in the uterus. The numbering sequence began at the tip of the left uterine horn. Blood was collected into heparinized tubes, put on ice and later centrifuged at 1,500 • g to separate plasma. Plasma aliquots were stored at -20 C for subsequent analyses of plasma components. The weight of each fetus was determined after blood collection. Fetuses assigned even numbers were placed in plastic bags, the bags were then sealed and stored at -20 C for later body composition analysis. Odd numbered fetuses were used for muscle analyses. The left longissimus and semitendinosus muscles were dissected free from the 114 odd numbered fetuses. Muscles were weighed, placed in plastic bags and then quickly frozen at -20 C.
Total body composition (percentage moisture, percentage protein, Kcal/g gross energy) of fetuses was determined in duplicate by the modified proximate analysis procedure of Hartsook and Hershberger (1963) . Carcass lipid was determined by ether extraction of carcass homogenates and aliquots of homogenate were heated for 18 h at 600 C to determine percentage ash (AOAC, 1975) . Nitrogen free extract (NFE) was computed by difference.
Immunoreactive insulin and GH concentrations in plasma were measured by a double antibody radioimmunoassay (Wangsness et al., 1977) . Cortisol concentrations in plasma were measured by radioimmunoassay technique. Diluted plasma aliquots and other assay tubes were incubated at 98 C for 15 min. This deproteinization step was necessary because steroid binding proteins present in plasma could compete with the anti-cortisol antibody in the assay (Murphy, 1967) . Preparation of the phosphate buffer (used to prepare standards) and the dextran-coated-charcoal (used for separation of bound and unbound hormone) was as described by Mashaly and Wentworth (1974) . Antibody s was diluted 1:2,500 and .1 ml of the antibody and .1 ml (.14 /aCi) of 3H-cortisol6 (80 Ci/mmol) were added to assay tubes followed by overnight incubation at 4 C for equilibration. Total specific binding was 37%.
Validation of the assay, that included precision and accuracy, was similar to Mashaly and Wentworth (1974) . Specificity of the antibody was tested; cross-reactivities were 14% for 17a-hydroxyprogesterone, 2.0% for 20a-hydroxy-4-pregnen-3-one, 3.3% for desoxycorticosterone, 15% for 11-desoxycortisol, 5.6% for corticosterone and less than 1% for cholesterol, pregnenolone, testosterone, dihydrotestosterone, dehydroepiandrostrone, estradiol-17/3, estradiol17a, estrone, estriol, triamcinolone and dexamethasone. Muscles were assayed in triplicate for their RNA, DNA and protein content. Frozen muscles were placed in a petri dish bottom and finely minced with a single-edged razor to speed and enhance the homogenization step. The Sigma Chemical Co., St. Louis, MO. semitendinosus muscles were diluted with cold .4 N KC1 at from 1:30 (1 g muscle and 29 m1.4 N KC1) to 1:100. The small size of the semitendinosus muscle made it necessary to adjust the KC1 dilution for maximum efficiency of homogenization. The larger longissimus muscles, however, were all diluted at 1:10 with the KC1. A Brinkman polytron (10 mm head) was used to homogenize the diluted muscles.
Muscle homogenates were then sampled and their DNA and RNA content determined by color• assay procedures described elsewhere (Buhlinger et al., 1978) . Protein determinations on homogenate samples were done by the method of Lowry et al. (1951) using bovine albumin ~ as the standard.
Data were analyzed using a nested factorial design with a split-plot treatment arrangement at each gestation age (Steel and Torrie, 1960) . Comparisons were made between strains at a given age rather than within strain across differing ages. Sources of variation that were analyzed included strain, tested against sow within strain, sex and the strain • sex interaction, both tested using sex x sow within strain as the error term. The General Linear Models procedure of the Statistical Analysis System (SAS, 1979) was used for statistical computation. and cortisol (C) are illustrated in figure 1. Fetal insulin concentrations (2.6 to 4.9 #U/ml) at all four ages for both strains were less than the ao normal range for postnatal piglets. Insulin in FO tended to be higher than in FL at 100 d s 18o-(4.9 vs 2.6 #U/ml; P<.12). Concentrations of GH in fetal plasma (120 to 145 ng/ml), were E 160-greater than the normal range for postnatal ~o piglets and similar in the two strains at 80, 90 ~ ~4o-and 100 d. than FL where differences occurred. However, few differences in concentration existed between the strains.
Results

Body Composition.
In table 5 the protein/DNA and RNA/DNA of the two muscles examined at the four ages are illustrated. Protein/DNA did appear to increase as gestation proceeded in both muscles. The FO had lower protein/DNA than FL in The present study provides new information on intrauterine growth and development of an obese animal. The most pronounced relative body composition change in mammalian growth is a decrease in percentage body water, i.e., an increase in carcass dry matter (Setiabudi et al., 1976) . This is also true for the fetal growth of swine in the present and other studies (Becker et al., 1979) . If this increase in dry matter percentage is an indication of stage of maturity, then FO were more mature than FL at 100 and 110 d of gestation. However, Yorkshire pigs contain a lower percentage dry matter than Ossabaw pigs as late as 170 d postpartum (Buhlinger et al., 1978) , probably due to the higher content of lipid in these obese pigs. Therefore, the use of increased (Kasser et al,, 1981b) , 3 d to 8 wk (Cote and Wangsness, 1978) and 6 mo of age (Martin et al., 1973 ; Buhlinger et al., 1978) . However, this is the first report of higher protein percentages for Ossabaw vs Yorkshire pigs and is in contrast to the observation by Cote and Wangsness (1978) , that the growth of the Ossabaw pig 3 d to 8 wk of postnatal age is characterized more by decreased protein deposition than by increased fat deposition.
Differences in body composition between the strains were apparent by 90 d of gestation. Therefore, factors associated with onset of obesity were acting on FO before 90 d of gestation. Also, because hyperplasia is considerable in late gestation relative to postnatal ages (Chattier, 1980) , small increases in the pertentages of lipid and protein in a fetus may be due more to hyperplastic than hypertrophic cellular growth.
Hormones. Insulin is known to promote tissue growth by stimulating uptake of amino acids and glucose by tissues as well as enhancing lipogenesis and glycogenesis (Newsholme, 1977) . Positive effects of insulin on fetal growth have been reported for most mammalian species studied (VanAssche and Aerts, 1979). We found low insulin concentrations with no significant difference between the strains at any age, although FO showed a tendency to be higher than FL at 100 d. There are other reports of low insulin concentrations (2 to 10 /~U/ml) in fetal pigs blood in late gestation (Atinmo et al., 1976b; Herbein et al., 1977; Ezekwe and Martin, 1980) . Insulin concentrations were reported to increase during this period by Atinmo et al. (1976b) , whereas Herbein et al. (1977) reported little variation in concentrations of insulin. Because of the low concentrations of insulin in fetal pigs, Ezekwe and Martin (1980) questioned the importance of insulin to growth of fetal pigs. Thorsson and Hintz (1977) have found that fetal cells of humans bind almost fivefold more insulin than adult cells because of increased affinity of receptors for insulin and a greater number of receptors/cell, although greater insulin activity in utero has not been demonstrated to date. Thus, low insulin concentrations, if accompanied by increased hormone activity, may still be crucial to growth and development of the fetal pig. Similarly, lack of significant differences in insulin concentrations between FO and FL does not rule out the possibility of differences in insulin activity between the two pig strains.
The GH concentrations in the fetal pig were ten times greater than in the dam (Atinmo et al., 1976a) . The GH values obtained in the present study are in agreement with the studies on domestic fetal pigs of Herbein et al. (1977) and Ezekwe and Martin (1980) , but Atinmo et al. (1976a) reported somewhat low GH concentrations for a period from 70 to 105 d of gestation. In the present study the authors found high GH concentrations for both strains of pigs until 110 d of gestation, when FO exhibited 40% lower concentrations of GH than FL. This is consistent with the depressed GH levels that has been reported for older Ossabaw pigs . Because of the positive association between GH and muscle growth, reduced GH may be related to the impaired muscle growth and associated obesity in the Ossabaw pig. On the other hand, most evidence would suggest that GH plays a minor role in fetal growth (Jost, 1979) . Decapitation studies with fetal pigs show that GH or other hormones of cephalic origin are not required for continued fetal growth and development in swine (Stryker and Dziuk, 1975; Kraeling et al., 1978) . However, composition data from these two reports included only two fetuses and nine longissimus muscles from decapitated animals. Recendy, Kasser et al. (1981a) reported greater lipogenesis and lipid deposition for decapitated than intact control fetal pigs. They suggested that cephalic factors-inhibit lipogenesis in fetal pigs. Thus, the importance of GH and other cephalic factors to fetal pig growth are still unclear.
Cortisol has been reported to function in the etiology of obesity accompanying Cushing's disease (Tepperman, 1973) , stress response (Spencer, 1980) , myogenic cell proliferation in vitro (Guerrieo and Florini, 1978) and the initiation of parturition by swine fetus (First, 1978) . Fetal pig blood has been assayed for concentrations of cortisol (Atinmo et al., 1975; Fevre et al., 1975; Herbein et al., 1977) , as well as for the structurally and functionally related corticosteroids (Dvorak, 1972; Silver et al., 1979) . Although absolute concentrations of blood cortisol differ widely in these reports, similar patterns throughout gestation were found in all. The concentrations of these steroids remain constant during gestation, until 5 to 7 d before birth and then concentrations incre~e by twofold or more in fetal pigs. Cortisol assays in the present study showed similar patterns in both FL and FO; but the elevation of cortisol in FO was far more pronounced than that of FL at 110 d. These observations are consistent with research showing an association between suppression of cortisol secretion and depressed GH in humans (Schteingart, 1980) . Elevated cortisol and depressed GH in FO vs FL might be related to onset of obesity in the Ossabaw pig.
However, elevated cortisol and depressed GH also accompany impending parturition in pigs. Herbein et al. (1977) found concentrations of GH to be decreased in fetuses of gilts nearing term. Elevated cortisol concentrations during this period were discussed above. For this reason, the gestation length was calculated from records for 18 Yorkshire and 14 Ossabaw swine that had farrowed recently at The Pennsylvania State University Swine Center. These preliminary data suggested that mean gestation length for Ossabaw was 3 to 4 d less than for Yorkshire pigs. Thus, a shorter gestation length for FO vs FL may have influenced the GH and cortisol data, particularly at 110 d of gestation.
Hormone measurements based on a single plasma sample, as in the present study, enable only a limited evaluation of hormone action. For example, possible differences in diurnal, episodic and stress induced effects on the endocrine system in the two pig strains could not be discerned. Despite this limitation, differences in concentrations of plasma hormones existed between FO and FL in late gestation. These differences were all consistent with the onset of obesity in FO in late gestation ages.
Muscle. The two muscles selected for the present study were chosen for specific reasons. Fetal swine muscles from different anatomical locations grow at different rates (Swatland, 1973; Hakkarainen, 1975) . Limb muscle groups, represented in this study by the semitendinosus muscle, develop rapidly and early in the fetus, probably because they are crucial for the locomotion needed to suckle after birth (Hakkarainen, 1975) . In contrast, the longissimus muscle develops far less rapidly in the fetus, with greater development in the early postnatal ages (Swatland, 1973; Tsai et al., 1973) . Our RNA, DNA and protein data support this muscle growth pattern in that concentrations, protein/DNA, and RNA/DNA generally were higher in semitendinosus than longissimus muscles during 30-d period studied. Thus, the use of muscles that develop at differing rate allows comparisons over a wider developmental range. Further, this FL semitendinosus data agrees well with similar data reported by Hakkarainen (1975) , so that FL data appear to be an adequate control for comparison with data from FO.
The muscle composition of these lean and obese pigs was compared at both equal age and equal weight (Buhlinger et al., 1978) and only at equal age (Ezekwe and Martin, 1975) . Both studies were conducted with pigs of about 6 mo postnatal age. As with these studies of older pigs, FL vs FO had greater amounts of muscle composition components that were consistent with higher FL muscle weights. However, because the obese pig is slower-growing and, therefore, smaller than the lean pig of similar age, the more valid comparison probably lies in concentration and ratio data.
All RNA/DNA values in this study were lower than found in postnatal pigs. This finding was expected because Tsai et al. (1973) and Hakkarainen (1975) both found postnatal patterns of increasing RNA and decreasing DNA concentrations resulting in increasing postnatal RNA/DNA. As in the Buhlinger et al. (1978) study, but unlike the Ezekwe and Martin (1975) study, the lean and obese pigs in the present study showed no difference in RNA/DNA ratios, indicating no difference in capacity to synthesize protein per nucleus. Again, supporting Buhlinger et al. (1978) , but not Ezekwe and Martin (1975) , the present study found no differences in protein concentrations between the strains. Ribonucleic acid and DNA concentrations were different between the strains in the Buhlinger et al. (1978) study. The present study noted different DNA concentrations only at 90 d (for both muscles) and different concentrations only at 110 d for longissimus muscle, indicating, at most minor differences in muscle nucleic acid concentrations. When different, FO in our studies had greater concentrations than did FL. In contrast, Buhlinger et al. (1978) reported lower concentrations for obese vs lean pigs. Ezekwe and Martin (1975) found higher protein/DNA for the lean, but Buhlinger et al. (1978) reported no difference at equal age and higher ratios for the obese at equal weight. In semitendinosus (but not longissimus) muscles, this study reported higher protein/DNA for FL vs FO in a few cases.
The protein/DNA in this study increased only slightly with age. Campion et al. (1979) demonstrated that the ratio of cytoplasmic volume/nucleus increases in the muscle of fetal pigs in late gestation, despite accompanying increases in total nuclei/muscle cell. Because muscle cell hyperplasia ceases by d 70 of gestation in the fetal pig (Swatland, 1973) , an increase in that ratio must represent increased hypertrophy of muscle ceils. Increases in protein/DNA should also indicate increased hypertrophy because cell protein and cytoplasmic volume are directly related and DNA content/diploid nucleus is constant (Lehninger, 1975) .
Less DNA content was noted in FO while muscle weights were still similar between the strains. This suggests that the depressed muscle weights noted at later gestation ages for FO were a response to fewer total muscle nuclei, which in turn permitted less muscle accretion. Further, unless extreme differences existed between the strains in their myonuclear number/ myofiber, the smaller FO muscles also contained fewer total myofibers. We conclude that decreased muscle growth in late gestation of FO compared with FL is more related to fewer total nuclei, and perhaps fewer myofibers, than to an impaired cellular capacity for protein synthesis.
Further studies are required to establish cause and effect relationships between growth of muscle and other body components and fetal hormones in lean and obese pigs,
